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IMAGE READING APPARATUS AND IMAGE 
READING METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application is a Continuation of US. applica 
tion Ser. No. 10/788,350, ?led Mar. 1, 2004, Which is based 
upon and claims the bene?t of priority from prior Japanese 
Patent Application No. 2003 -056324, ?led Mar. 3, 2003, the 
entire contents of Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to an image reading apparatus and an 

image reading method Which scan the reading face of a docu 
ment optically and convert the scanned data into color image 
data or monochromatic image data. 

2. Description of the Related Art 
In a conventional image reading apparatus (or a color 

image reading apparatus) Which reads images on a document 
in color, the entire document is scanned optically by moving 
the carriage and the color images are read by the color CCD 
sensor. The conventional color image reading apparatus uses 
a 3-line CCD sensor as a color CCD sensor. The 3-line CCD 
sensor is composed of the folloWing three line CCD sensors: 
a ?rst line CCD sensor that outputs a red component (R 
signal), a second line CCD sensor that outputs a green com 
ponent (G signal), and a third line CCD sensor that outputs a 
blue component (B signal). In an image reading apparatus 
With three line CCD sensors, When a monochromatic image is 
read, a monochromatic image is created on the basis of the 
signals (RGB signals) outputted from the three line sensors. 

In the conventional image reading apparatus, the output of 
each of the three line CCD sensors constituting the 3-line 
CCD sensor is not alWays uniform. This nonuniformity 
results from variations in the sensitivity of a pixel unit in each 
line CCD sensor and a decrease in the amount of light around 
the lens caused by the light distribution characteristic of the 
exposure lamp that illuminates the document and the charac 
teristic of the lens. Thus, in the conventional image reading 
apparatus, a reference plate (shading correction plate) acting 
as a White reference is read by the 3-line CCD sensor. On the 
basis of the result of the reading, the output signal from the 
3-line CCD sensor is corrected (or the shading is corrected). 

Therefore, in the image reading apparatus With the 3-line 
CCD sensor, the White reference plate is alWays read in the 
same reading position. This is because the image reading 
apparatus With the 3-line CCD sensor reads not only color 
images but also monochromatic images With the three line 
CCD sensors. Consequently, the conventional image reading 
apparatus With the three-line CCD sensor reads the shading 
correction plate in the ?xed reading position, regardless of 
Whether the image of the document is read in color or in 
monochrome, and makes a shading correction of the output 
signal from each line sensor. 

BRIEF SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an image 
reading apparatus and an image reading method Which are 
capable of not only reading color images and monochromatic 
images e?iciently but also making a shading correction effec 
tive and the image reading apparatus more compact and stable 
by making the Width of the reference plate smaller. 
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2 
According to an aspect of the present invention, there is 

provided an image reading apparatus Which reads images on 
the reading face of a document in color or in monochrome, the 
image reading apparatus comprising: a line sensor Which 
includes a color line sensor for reading a color image and a 
monochromatic line sensor for reading a monochromatic 
image different from the color line sensor; a scanning section 
on Which an optical system for directing light from the read 
ing face of the document to the line sensor is provided; a 
driving mechanism Which moves the scanning section in a 
feed direction With respect to the reading face of the docu 
ment; a reference plate Which is provided in front of the 
leading edge of the reading face of the document in the feed 
direction in Which the scanning section is moved by the 
driving mechanism; and a control section Which, When the 
reading face of the document is read in color, starts to read the 
reference plate With the color line sensor at the time that the 
scanning section moved in the feed direction by the driving 
mechanism reaches a color reading start position for the ref 
erence plate, thereby reading the reference plate With the 
color line sensor, and Which, When the reading face of the 
document is read in monochrome, starts to read the reference 
plate With the monochromatic line sensor at the time that the 
scanning section moved in the feed direction by the driving 
mechanism reaches a monochromatic reading start position 
for the reference plate, thereby reading the reference plate 
With the monochromatic line sensor. 

According to another aspect of the present invention, there 
is provide an image reading method used in an image reading 
apparatus Which comprises a line sensor Which includes a 
color line sensor for reading a color image and a monochro 
matic line sensor for reading a monochromatic image differ 
ent from the color line sensor, a scanning section on Which an 
optical system for directing light from the reading face of the 
document to the line sensor is provided, a driving mechanism 
Which moves the scanning section in a feed direction With 
respect to the reading face of the document, and a reference 
plate Which is provided in front of the leading edge of the 
reading face of the document in the feed direction in Which 
the scanning section is moved by the driving mechanism, the 
image reading method comprising: When the reading face of 
the document is read in color, starting to read the reference 
plate With the color line sensor at the time that the scanning 
section moved in the feed direction by the driving mechanism 
reaches a color reading start position for the reference plate 
and thereby reading the reference plate With the color line 
sensor; and When the reading face of the document is read in 
monochrome, starting to read the reference plate With the 
monochromatic line sensor at the time that the scanning sec 
tion moved in the feed direction by the driving mechanism 
reaches a monochromatic reading start position for the refer 
ence plate and thereby reading the reference plate With the 
monochromatic line sensor. 

Additional objects and advantages of the invention Will be 
set forth in the description Which folloWs, and in part Will be 
obvious from the description, or may be learned by practice of 
the invention. The objects and advantages of the invention 
may be realiZed and obtained by means of the instrumentali 
ties and combinations particularly pointed out hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

The accompanying draWings, Which are incorporated in 
and constitute a part of the speci?cation, illustrate an embodi 
ment of the invention, and together With the general descrip 
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tion given above and the detailed description of the embodi 
ment given below, serve to explain the principles of the 
invention. 

FIG. 1 shoWs the con?guration of a 4-line CCD sensor 
provided in an image reading apparatus according to an 
embodiment of the present invention; 

FIG. 2 schematically shoWs the con?guration of the image 
reading apparatus according to the embodiment; 

FIG. 3 is a block diagram of the control system of the image 
reading apparatus; 

FIG. 4 is a ?owchart to help explain the operation of the 
entire image reading apparatus roughly; 

FIG. 5 is a diagram to help explain the operation in a case 
Where the four line sensors read a shading correction plate in 
turn; 

FIG. 6 is a diagram to help explain a shading correction 
plate reading operation in a ?rst reading method; 

FIG. 7 is a diagram to help explain a shading correction 
plate reading operation in a second reading method; 

FIG. 8 is a diagram to help explain a shading correction 
plate reading operation in a third reading method; 

FIG. 9 is a diagram to help explain a shading correction 
plate reading operation in a fourth reading method; 

FIG. 10 is a diagram to help explain a shading correction 
plate reading operation in a ?fth reading method; and 

FIG. 11 is a diagram to help explain a shading correction 
plate reading operation in a sixth reading method. 

DETAILED DESCRIPTION OF THE INVENTION 

Hereinafter, referring to the accompanying draWings, an 
embodiment of the present invention Will be explained. 

FIG. 1 shoWs a con?guration diagram of a 4-line CCD 
sensor 1 provided in an image reading apparatus according to 
an embodiment of the present invention. 
As shoWn in FIG. 1, the 4-line CCD sensor 1 comprises a 

red line sensor R that converts the red component of the 
incident light photoelectrically into an R signal representing 
the intensity of red, a green line sensor G that converts the 
green component of the incident light photoelectrically into a 
G signal representing the intensity of green, a blue line sensor 
B that converts the blue component of the incident light 
photoelectrically into a B signal representing the intensity of 
blue, and a black-and-White line sensor BW that converts the 
black and White components of the incident light photoelec 
trically into a BW signal representing the intensity of black 
and White. 

In the 4-line CCD sensor 1, the red line sensor R, green line 
sensor G, and blue line sensor B constitute a color line sensor 
that reads images in color. The black-and-White line sensor 
BW constitutes a monochromatic line sensor that reads 
images in monochrome. 

The red line sensor R is composed of a CCD line sensor 
With a red ?lter. Therefore, the red line sensor R can take in 
only the red component of the incident light and output an R 
signal. 
The green line sensor G is composed of a CCD line sensor 

With a green ?lter. Therefore, the green line sensor G can take 
in only the green component of the incident light and output 
and a G signal. 

The blue line sensor B is composed of a CCD line sensor 
With a blue ?lter. Therefore, the blue line sensor B can take in 
only the blue component of the incident light and output and 
a B signal. 

In the 4-line CCD sensor 1, the line sensors R, G, B, BW are 
arranged in parallel at speci?c intervals. In an example of 
FIG. 1, the line sensors are arranged in this order: R, G, B, 
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4 
BW. Each of the spacing betWeen the red line sensor R and the 
green line sensor G and the spacing betWeen the green line 
sensor G and the blue line sensor B is equivalent to eight lines. 
The spacing betWeen the blue line sensor B and the black 
and-White line sensor BW is equivalent to 12 lines. 

Speci?cally, as the color line sensors, the red line sensor R, 
green line sensor G, and blue line sensor B are arranged in 
parallel at intervals of eight lines. As the monochromatic line 
sensor, the black-and-White sensor BW is arranged in parallel 
With the blue line sensor B acting as a color line sensor, spaced 
12 lines apart. One line contains, for example, 7450 pixels. 
One pixel has a siZe of 4.7 um><4.7 um. 

Next, the con?guration of the image reading apparatus 
provided With the 4-line CCD sensor Will be explained. 

FIG. 2 shoWs a con?guration of the image reading appara 
tus according to the embodiment of the present invention. 
As shoWn in FIG. 2, the image reading apparatus 10 com 

prises a shading correction plate 11, a document table 12, an 
exposure lamp 14, a re?ector 15, a ?rst mirror 16, a ?rst 
carriage 18, a second carriage 20, a second mirror 22, a third 
mirror 24, an image forming lens 26, a driving motor 30, and 
a control unit (control board) 32. 
The shading correction plate 11 is a reference plate for 

making a shading correction of the output signal of each line 
sensor of the 4-line CCD sensor on a pixel basis. The shading 
correction plate 11 shoWs a White reference. Specially, in the 
shading correction, the output data in pixels from each line 
sensor of the 4-line CCD sensor 1 is corrected on the basis of 
the data read from the shading correction plate 11. 
The Width in the feed direction of the shading correction 

plate 11 is determined by the spacing betWeen the individual 
line sensors, the number of reads (the number of reading 
lines), the reading magni?cation (the travel speed of the ?rst 
carriage), and others. In the con?guration of FIG. 2, the 
shading correction plate 11 is provided just in front of the 
document table 12 in the direction in Which an image is read 
With the ?rst carriage 18 (or in the feed direction). 

The shading correction plate 11 has to be read before the 
document image is read. It also has to be read in a state Where 
the ?rst carriage 18 is moving stably. For this reason, the 
shading correction plate 11 has to be provided in front of the 
document image reading area (or in front of the leading edge 
of the document) and behind the position Where the travel 
speed of the ?rst carriage 18 started from a speci?c standby 
position becomes stable. 

Since the above restriction is put on the installation loca 
tion of the shading correction plate 11 in the image reading 
apparatus 10, it is desirable that the Width in the feed direction 
of the shading correction plate 11 should be as narroW as 
possible. In addition, it is desirable that the shading correction 
plate 11 should be read e?iciently. 
The document table 12 is composed of a colorless, trans 

parent member, such as glass, Which permits light to pass 
through. The document table 12 is provided With a document 
cover (not shoWn). The document on the document table 12 is 
pressed against the glass surface of the document table 12 by 
the document cover (not shoWn). 

The exposure lamp 14 functions as a light source to elimi 
nate the shading correction plate 11 and the document D put 
on the document table 12. The re?ector 15 re?ects a part of the 
light from the expo sure lamp 14 and illuminates the document 
D. The ?rst mirror 16 de?ects the re?ected light from the 
shading correction plate 11 or the document D in a speci?c 
direction. 
The ?rst carriage 18 is provided With the exposure lamp 14, 

re?ector 15, ?rst mirror 16, and others. The ?rst carriage 18 is 
provided under the document table 12 so as to be movable in 



US 7,990,582 B2 
5 

parallel With the document table 12. The ?rst carriage 18 is 
moved back and forth under the document table 12 by a 
driving motor 30 connected to the carriage 18 via a toothed 
belt (not shoWn) and others. The driving motor 30 is com 
posed of a stepping motor driven by a driving pulse signal or 
the like from the control unit 32. 

Furthermore, under the document table 12, the second 
carriage 20 is provided so as to be movable in parallel With the 
document table 12. On the second carriage 20, the second 
mirror 22 and third mirror 24 Which de?ect sequentially the 
re?ected light from the document D de?ected by the ?rst 
mirror 16 are so provided that they cross each other at right 
angles. The driving force of the driving motor 30 is imparted 
to the second carriage 20 by the toothed belt and others Which 
drive the ?rst carriage 18, With the result that the second 
carriage 20 is moved according to the movement of the ?rst 
carriage 18. The second carriage 20 is moved in parallel With 
the document table 12 at a speed half of the speed of the ?rst 
carriage 18. 

In addition, under the document table 12, there are pro 
vided the image forming lens 26 Which converges the 
re?ected light from the third mirror 24 mounted on the second 
carriage 20 and the 4-line CCD sensor 1 Which receives the 
re?ected light converged by the image forming lens 26 and 
converts it photo-electrically. The image forming lens 26 is 
provided in a movable manner via a driving mechanism (not 
shoWn) in a plane that includes the optical axis of the light 
de?ected by the third mirror 24. The image forming lens 26 
itself moves, thereby forming an image from the re?ected 
light at a desired magni?cation. Then, in the 4-line CCD 
sensor 1, the individual line sensors R, G, B, BW convert 
photoelectrically the light coming in via the image forming 
lens 26 pixel by pixel and output the resulting signals to the 
control unit 32. 

Next, the con?guration of the control system of the image 
reading apparatus 10 Will be explained. 

FIG. 3 is a schematic block diagram of the control system 
of the image reading apparatus 10. 
On the control board 32 of the image reading apparatus 10, 

there are provided a CPU 40, a ROM 41, a RAM 42, a signal 
processing section 43, and a driving control section 44. The 
CPU 40 controls the entire image reading apparatus 40. The 
ROM 41 is a memory in Which control programs for perform 
ing the image reading operation and others are stored. The 
RAM 42 is a memory Which stores data temporarily. The 
signal processing section 43 processes the signal from the 
4-line CCD sensor 1 and outputs the resulting signal to the 
outside World. The driving control section 44 has a motor 
driver Which drives the driving motor 30. 

The signal processing section 43 has a pre-processing cir 
cuit 51, a shading correction circuit 52, a line-to-line correc 
tion circuit 53, and an image processing circuit 54. 

The preprocessing circuit 51 carries out processes, includ 
ing anA/ D conversion process of converting the analog signal 
from the 4-line CCD sensor into a digital signal. 

The shading correction circuit 52 makes correction in pix 
els on the basis of the result of the reading of the shading 
correction plate 11 by the 4-line CCD sensor 1. Speci?cally, 
the shading correction circuit 52 creates correction data for 
each pixel on the basis of the result of the reading of the 
shading correction plate 11 as a White reference plate by the 
4-line CCD sensor 1. Furthermore, the shading correction 
circuit 52 corrects the output signals from the individual line 
sensors R, G, B, BW of the 4-line CCD sensor 1 according to 
the correction data created on the basis of the result of the 
reading of the shading correction plate 11. 
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6 
For example, on the basis of the black reference data pre 

viously read by the line sensors R, G, B, BW (the output 
signals from the respective line sensors When the exposure 
lamp 14 is off) and the White reference data read from the 
shading correction plate 11 by the line sensors R, G, B, BW 
(the output signals from the respective line sensors When the 
shading correction plate 11 as a White reference plate is read) 
the shading correction circuit 52 corrects the output signals 
from the line sensors R, G, B, BW in pixels in reading the 
document image by using the folloWing equation: 

Where I is the signal after correction, K is a coe?icient, S is 
the output signal before correction (the output signal from the 
line sensor), B is the black reference data, and W is the White 
reference data. 
The line-to-line correction circuit 53 aligns the data from 

the red line sensor R, the data from the green line sensor G, 
and the data from the blue line sensor B With one another. 
Speci?cally, the red, green, and blue line sensors are so 
arranged that their lines are shifted several pixels from one 
another. For this reason, to create a color image, the phases of 
the data from the line sensors R, G, and B have to be aligned 
With one another according to the movement speed in the feed 
direction. 

For example, in the con?guration of FIG. 1, the red, green, 
and blue line sensors R, G, and B as color line sensors are 
arranged in this order: R, G, B, or in the order of scanning. The 
red line sensor R and the green line sensor G are so arranged 
that they are spaced eight pixels apart. The green line sensor 
G and the blue line sensor B are so arranged that they are 
spaced eight pixels apart. In this case, if the magni?cation 
ratio is 25% to 400%, a positional correction of 2 to 32 lines 
has to be made betWeen R and G and betWeen G and B in the 
data from the line sensors R, G, B. 

For example, When the blue line sensor B is used as a 
reference, the line-to-line correction circuit 53 makes a posi 
tional adjustment of 4 to 64 lines to the data from the red line 
sensor R and a positional adjustment of 2 to 32 to the data 
from the green line sensor G. Making such positional adjust 
ments, the line-to-line correction circuit 53 superimposes the 
data of the R signal, G signal, and B signal and creates a color 
image With no off-shade part. 
The image processing circuit 54 carries out an image pro 

cess and outputs the resulting image to the outside World. For 
example, When outputting a color image, the image process 
ing circuit 54 makes a color correction of the data subjected to 
the line-to -line correction and outputs the resulting data to the 
outside World. When outputting a monochromatic image, the 
image processing circuit 54 effects the ?ltering of the data of 
the BW signal passed through the line-to-line correction cir 
cuit and outputs the resulting data to the outside World. 

To the CPU 40, an operation section 60 is connected. The 
user’s operation instruction is inputted to the operation sec 
tion 60. The operation section 60 is provided With, for 
example, a setting key for setting a read magni?cation, an 
image select key for selecting either color or monochrome, a 
specify key for specifying the start of reading. For example, 
When the user speci?es the reading mode for the document 
from the operation section 60 and presses the key for speci 
fying the start of reading, the CPU 40 starts to read the 
document image according to the speci?ed reading mode. 

Furthermore, to the CPU 40, a sWitching circuit 61 and a 
sWitching circuit 62 are connected. The sWitching circuit 61 is 
a circuit Which sWitches betWeen the G signal from the green 
line sensor G and the BW signal from the black-and-White 
line sensor BW among the signals supplied from the 4-line 
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CCD sensor 1 to the signal processing section 43. The sWitch 
ing circuit 62 is a circuit Which sWitches betWeen the B signal 
from the blue sensor B and the BW signal from the black 
and-White line sensor BW among the signals supplied from 
the 4-line CCD sensor 1 to the signal processing section 43. 

Speci?cally, in the reading mode of reading images in color 
(color reading mode), the CPU 40 makes the G signal effec 
tive With the sWitching circuit 61 and the B signal effective 
With the sWitching circuit 62. In this case, the 4-line CCD 
sensor 1 supplies the R signal from the red line sensor R, the 
G signal from the green line sensor G, and the B signal from 
the blue line sensor B to the signal processing section 43. This 
enables the 4-line CCD sensor 1 to read a color image. 

Furthermore, in the reading mode of reading images in 
monochrome (monochromatic reading mode), the CPU 40 
makes not only the BW signal effective With the sWitching 
circuit 61 but also the BW signal effective With the sWitching 
circuit 62. In this case, the 4-line CCD sensor 1 supplies the 
BW signal from the black-and-White line sensor BW to the 
signal processing section 43. This enables the 4-line CCD 
sensor 1 to read a monochromatic image. 

With the con?guration of FIG. 3, When reading a mono 
chromatic image, the 4-line CCD sensor 1 supplies the BW 
signals of the tWo channels to the signal processing section 
43. In this case, one channel supplies the BW signal for an 
even number of lines and the other supplies the BW signals 
for an odd number of lines. 

Next, the operation of the image reading apparatus 1 Will 
be explained brie?y. 

FIG. 4 is a ?owchart to help explain the read operation of 
the image reading apparatus 10. 
When the poWer key (not shown) is pressed, the CPU 40 

executes an initialiZe operation (step S11). In the initialiZe 
operation, the CPU 40 carries out the initial operation of the 
entire image reading apparatus 1 0, including the initialiZation 
of the driving reference point and the setting of the ampli? 
cation factor by the signal amplifying section. 

After the initialiZe operation is completed, the CPU 40 
brings the image reading apparatus 10 into the READY state 
of the image reading operation (step S12). In this state, the 
user speci?ed the image reading mode from the operation 
section 60 and presses the start key for specifying the start of 
image reading. At this time, the user chooses Whether the 
document image should be read in color (color reading mode) 
or in monochrome (monochromatic reading mode). After the 
user speci?es the start of reading, the operation section 60 
supplies not only a signal to request the start of document 
image reading but also information representing the docu 
ment reading mode to the CPU 40. 

Receiving the reading start request from the operation sec 
tion 60, the CPU 40 chooses either the color reading mode or 
the monochromatic reading mode, on the basis of the infor 
mation representing the reading mode from the operation 
section 60 (step S13). 
When the color reading mode is chosen, the CPU 40 sets a 

color-reading-mode operation according to the reading mode 
speci?ed by the user, such as a reading magni?cation (step 
S14). In the color reading mode operation setting, for 
example, the reading position of the shading correction plate 
11 and the reading position of the document image are set for 
the three line sensors R, G, B. 

After the color reading mode operation setting is com 
pleted, the CPU 40 starts to move the ?rst carriage 18. Then, 
the ?rst carriage 18 accelerates to the travel speed for reading 
set in the operation setting. At the reading speed, the ?rst 
carriage 18 moves in the feed direction under the shading 
correction plate 11 and document table 12. When the ?rst 
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8 
carriage 18 has arrived at under the shading correction plate 
11, the CPU 40 reads the shading correction plate 11 With the 
three line sensors R, G, B acting as the color line sensors (step 
S15). The reading of the shading correction plate 11 by the 
color line sensors Will be explained in detail later. 
When the ?rst carriage 18 passes under the shading cor 

rection plate 11 and arrives at the document image reading 
position, the CPU 40 starts to read the image of the document 
placed on the document table 12 by means of the three line 
sensors R, G, B acting as the color line sensors. Moreover, 
When the ?rst carriage 18 has reached the reading end position 
of the document, the CPU 40 ends the reading of the docu 
ment image (step S16). 

After the document image has been read, the CPU 40 
moves the ?rst carriage 18 to a speci?c standby position. 
When the ?rst carriage 18 has moved to the standby position, 
the CPU 40 returns control to step S12 and brings the image 
reading apparatus 10 into the READY state. 
When the monochromatic reading mode is chosen in step 

S13, the CPU 40 sets a monochromatic-reading-mode opera 
tion according to the reading mode speci?ed by the user, such 
as a reading magni?cation (step S17). In the monochromatic 
reading mode operation setting, for example, the reading 
position of the shading correction plate 11 and the reading 
position of the document image are set for the monochro 
matic line sensor (black-and-White line sensor) BW. 

After the monochromatic reading mode operation setting is 
completed, the CPU 40 starts to move the ?rst carriage 18. 
Then, the ?rst carriage 18 accelerates to the travel speed for 
reading set in the operation setting. At the reading speed, the 
?rst carriage 18 moves in the feed direction under the shading 
correction plate 11 and document table 12. When the ?rst 
carriage 18 has arrived at under the shading correction plate 
11, the CPU 40 reads the shading correction plate 11 With the 
black-and-White line sensor BW acting as the monochromatic 
line sensor (step S18). The reading of the shading correction 
plate 11 by the monochromatic line sensor Will be explained 
in detail later. 
When the ?rst carriage 18 passes under the shading cor 

rection plate 11 and arrives at the document image reading 
position, the CPU 40 starts to read the image of the document 
placed on the document table 12 by means of the black-and 
White line sensor BW acting as the monochromatic line sen 
sor. Moreover, When the ?rst carriage 18 has reached the 
reading end position of the document, the CPU 40 ends the 
reading of the document image (step S19). After the docu 
ment image has been read, the CPU 40 moves the ?rst car 
riage 18 to a speci?c standby position. When the ?rst carriage 
18 has moved to the standby position, the CPU 40 returns 
control to step S12 and brings the image reading apparatus 10 
into the READY state. 

Next, the operation of reading the shading correction plate 
11 Will be explained. 

In shading correction explained beloW, suppose each of the 
line sensors R, G, B, BW of the 4-line CCD sensor 1 reads 16 
lines of data as shading correction data. 

FIG. 5 is a diagram to help explain the reading positions in 
a case Where the line sensors R, G, B, BW read the shading 
correction plate 11 in turn. 

In the example of FIG. 5, it is assumed that the scanning 
positions of the line sensors R, G, B, BW are arranged in the 
order of BW, B, G, R in the direction in Which the carriage 18 
moves (or in the feed direction) and that the control unit 32 
takes in the signals from the 4-line CCD sensor in this order: 
the R signal, G signal, B signal, BW signal. 

Speci?cally, in the example of FIG. 5, ?rst, the red line 
sensor R reads the shading correction plate 11 by 16 lines. 



US 7,990,582 B2 
9 

Then, the green line sensor G reads the shading correction 
plate 11 by 16 lines. Then, the blue line sensor B reads the 
shading correction plate 11 by 16 lines. Then, the black-and 
White line sensor BW reads the shading correction plate 11 by 
1 6 lines. 

In this case, for example, if one line is 0.0425 mm in Width 
(hereinafter, explanation Will be given on the assumption that 
one line is 0.0425 mm Wide), the Width needed for the red line 
sensor R to read the shading correction plate 11 by 16 lines is 
0.68 mm equivalent to 16 lines. 

Furthermore, the Width needed for the green line sensor G 
to red the shading correction plate 11 by 16 lines from the 
point Where the read line sensor R read 16 lines is the sum of 
0.34 mm equivalent to the spacing of 8 lines betWeen the red 
line sensor R and the green line sensor G and 0.68 mm 
equivalent to 16 lines (the number of reading lines). 

In addition, the Width needed for the blue line sensor B to 
read the shading correction plate 11 by 16 lines from the point 
Where the green line sensor G read 16 lines is the sum of 0.34 
mm equivalent to the spacing of 8 lines betWeen the green line 
sensor G and the blue line sensor B and 0.68 mm equivalent to 
16 lines (the number of reading lines). 

Moreover, the Width needed for the black-and-White line 
sensor BW to read the shading correction plate 11 by 16 lines 
from the point Where the blue line sensor B read 16 lines is the 
sum of 0.51 mm equivalent to the spacing of 12 lines betWeen 
the blue line sensor B and the black-and-White line sensor BW 
and 0.68 mm equivalent to 16 lines (the number of reading 
lines). 

Therefore, in the example of FIG. 5, the Width in the feed 
direction of the shading correction plate 11 has to be equal to 
at least the total (3.91 mm equivalent to 92 lines) of the 
reading Widths (equivalent to 16><4 lines) of the four line 
sensors R, G, B, BW and the total spacing betWeen the four 
line sensors (equivalent to 8><2+l2 lines). In FIG. 5, during 
the time from When the reading of the shading correction plate 
11 is started until the reading is completed, the ?rst carriage 
18 requires a travel distance L0 of 2.72 mm equivalent to 64 
(16><4) lines. 

Hereinafter, a ?rst to a third reading method for the shading 
correction method 11 Will be explained. 

The ?rst to third reading methods can be applied to the 
image reading apparatus 10 Where the scanning positions of 
the line sensors R, G, B, BW are arranged in the order of R, G, 
B, BW in the direction in Which the ?rst carriage 18 moves (or 
in the feed direction). 

First, the ?rst reading method for the shading correction 
plate 11 Will be explained. 

FIG. 6 is a diagram to help explain the ?rst reading method 
for the shading correction plate 11. In the example of FIG. 6, 
the scanning positions of the line sensors R, G, B, BW are 
arranged in the order of R, G, B, BW in the direction in Which 
the ?rst carriage 18 moves (or in the feed direction). In FIG. 
6, suppose, in the color reading mode, the control unit 32 
reads the signals from the three line sensors R, G, B in this 
order: the B signal, the G signal, and the R signal. 

In FIG. 6, in the color reading mode, With the scanning 
position of the blue line sensor B as the reading start position 
(the trailing edge in the feed direction of the shading correc 
tion plate 11), the blue line sensor B ?rst reads the shading 
correction plate 11 by 16 lines. Then, the green line sensor G 
reads the shading correction plate 11 by 16 lines. Thereafter, 
the red line sensor R reads the shading correction plate 11 by 
1 6 lines. 

Speci?cally, in the color reading mode, the Width in the 
feed direction of the shading correction plate 1 1 is equal to the 
total (2.72 mm) of the Width (0.68 mm) needed for the blue 
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line sensor B to read 16 lines, the spacing of 8 lines (0.34 mm) 
betWeen the blue line sensor B and the green line sensor G, the 
Width (0.68 mm) needed for the green line sensor G to read 16 
lines, the spacing of 8 lines (0.34 mm) betWeen the green line 
sensor G and the red line sensor R, and the Width (0.68 mm) 
needed for the red line sensor R to read 16 lines. In addition, 
When the shading correction plate 11 is read in the color 
reading mode, the travel distance L11 of the ?rst carriage 18 
is equivalent to 48 lines (16><3 lines). 

In the monochromatic reading mode, With the scanning 
position of the black-and-White line sensor BW as the reading 
start position (the trailing edge in the feed direction of the 
shading correction plate 11), the black-and-White line sensor 
BW reads the shading correction plate 11 by 16 lines. Spe 
ci?cally, in the monochromatic reading mode, the Width in the 
feed direction needed for the black-and-White line sensor BW 
to read the shading correction plate 11 by 16 lines is 0.68 mm 
equivalent to 16 lines (the number of reading lines). In addi 
tion, When the shading correction plate 11 is read in the 
monochromatic reading mode, the travel distance L21 of the 
?rst carriage 18 is equivalent to 16 lines. 
As described above, in the ?rst reading method, the Width 

in the feed direction of the shading correction plate 11 has to 
be equal to the total (equivalent to 64 lines) of the reading 
Widths (equivalent to 16><3 lines) of at least the three line 
sensors R, G, and B and the total spacing (equivalent to 8><2 
lines) betWeen the three line sensors in the color reading 
mode. In the monochromatic reading mode, the Width has to 
be the reading Width (equivalent to 16 lines) of at least the 
black-and-White line sensor BW. 

Furthermore, in the ?rst embodiment, the reading start 
position of the shading correction plate 11 in the monochro 
matic reading mode and the reading start position of the 
shading correction plate 11 in the color reading mode are set 
separately. 

Therefore, in the ?rst reading method of FIG. 6, the shad 
ing correction plate 11 has only to have a Width of 64 lines in 
the feed direction. Speci?cally, as compared With the reading 
method of FIG. 5, in the ?rst method, the Width in the feed 
direction of the shading correction plate 11 can be decreased 
by the total of the spacing (equivalent to 12 lines) betWeen the 
color line sensors (three line sensors R, G, B) and the mono 
chromatic line sensor (black-and-White line sensor BW) and 
the reading Width (equivalent to 16 lines) of the black-and 
White line sensor BW. In addition, the travel distance of the 
?rst carriage in reading the shading correction plate can be 
decreased by the travel distance (equivalent to 16 lines) 
needed to read the black-and-White line sensor BW. This is 
the effect obtained because the reading position (the reading 
start position) of the shading correction plate in the color 
reading mode and the reading position (the reading start posi 
tion) of the shading correction plate in the monochromatic 
reading mode have been set in separate positions. 

Next, the second reading method for the shading correction 
plate 11 Will be explained. 

FIG. 7 is a diagram to help explain the second reading 
method for the shading correction plate 11. In the example of 
FIG. 7, the scanning positions of the line sensors R, G, B, BW 
are arranged in the order of R, G, B, BW in the direction in 
Which the ?rst carriage 18 moves (or in the feed direction). In 
FIG. 7, suppose, in the color reading mode, the control unit 32 
reads the signals from the three line sensors R, G, B in this 
order: the R signal, the G signal, and the B signal. 

In FIG. 7, in the color reading mode, With the scanning 
position of the red line sensor R as the reading start position 
(the trailing edge in the feed direction of the shading correc 
tion plate 11), the red line sensor R ?rst reads the shading 
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correction plate 11 by 16 lines. Then, the green line sensor G 
reads the shading correction plate 11 by 16 lines. Thereafter, 
the blue line sensor B reads the shading correction plate 11 by 
1 6 lines. 

Speci?cally, in the color reading mode, the Width in the 
feed direction of the shading correction plate 1 1 is equal to the 
total (1.36 mm) of the Width (0.38 mm) obtained by subtract 
ing the spacing of 8 lines (0.34 mm) betWeen the red line 
sensor R and the green line sensor G from the Width (0.68 
mm) needed for the red line sensor R to read 16 lines, the 
Width (0.38 mm) obtained by subtracting the spacing of 8 
lines (0.34 mm) betWeen the green line sensor G and the blue 
line sensor B from the Width (0.68 mm) needed for the green 
line sensor G to read 16 lines, and the Width (0.68 mm) needed 
for the blue line sensor B to read 16 lines. In addition, When 
the shading correction plate 11 is read in the color reading 
mode, the travel distance L12 of the ?rst carriage 18 is equiva 
lent to 48 lines (16><3 lines) as is the travel distance L11 in the 
?rst reading method. 

In the monochromatic reading mode, With the scanning 
position of the black-and-White line sensor BW as the reading 
start position (the trailing edge in the feed direction of the 
shading correction plate 11), the black-and-White line sensor 
BW reads the shading correction plate 11 by 16 lines. Spe 
ci?cally, in the monochromatic reading mode, the Width in the 
feed direction needed for the black-and-White line sensor BW 
to read the shading correction plate 11 by 16 lines is 0.68 mm 
equivalent to 16 lines (the number of reading lines). In addi 
tion, When the shading correction plate 11 is read in the 
monochromatic reading mode, the travel distance L22 of the 
?rst carriage 18 is equivalent to 16 lines as is the travel 
distance L21 in the ?rst reading method. 
As described above, in the second embodiment, the reading 

start position of the shading correction plate 11 in the color 
reading mode and the reading start position of the shading 
correction plate 11 in the monochromatic reading mode are 
set separately. The Width in the feed direction of the shading 
correction plate 11 has to be equal to the value (equivalent to 
32 lines) obtained by subtracting the total spacing betWeen 
the three line sensors (equivalent to 8><2 lines) from the read 
ing Widths of at least the three line sensors R, G, and B 
(equivalent to 16><3 lines) in the color reading mode. In the 
monochromatic reading mode, the Width has to be the reading 
Width (equivalent to 16 lines) of at least the black-and-White 
line sensor BW. 

Therefore, in the second reading method of FIG. 7, the 
shading correction plate has only to have a Width of 32 lines 
in the feed direction. Speci?cally, in the second reading 
method of FIG. 7, the travel distance of the ?rst carriage in 
reading the shading correction plate is the same as in the ?rst 
reading method of FIG. 6 and the Width in the feed direction 
of the shading correction plate is decreased by tWice the total 
spacing betWeen the three line sensors. 

Next, the third reading method for the shading correction 
plate 11 Will be explained. 

FIG. 8 is a diagram to help explain the third reading method 
for the shading correction plate 11. In the example of FIG. 8, 
the scanning positions of the line sensors R, G, B, BW are 
arranged in the order of R, G, B, BW in the direction in Which 
the ?rst carriage 18 moves (or in the feed direction). In FIG. 
8, suppose, in the color reading mode, the control unit 32 
takes in the signals (the R signal, G signal, and B signal) from 
the three line sensors R, G, B at the same time. 

In FIG. 8, in the color reading mode, With the scanning 
position of the blue line sensor B as the reading start position 
(the trailing edge in the feed direction of the shading correc 
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tion plate 11), the red line sensor R, green line sensor G, and 
blue line sensor B each read the shading correctionplate 11 by 
16 lines at the same time. 

Speci?cally, in the color reading mode, the Width in the 
feed direction of the shading correction plate 1 1 is equal to the 
total (1.36 mm) of the Width (0.68 mm) required for each of 
the red line sensor R, green line sensor G, and blue line sensor 
B to read 16 lines, the spacing (0.34 mm) of 8 lines betWeen 
the red line sensor R and the green line sensor G, and the 
spacing (0.34 mm) of 8 lines betWeen the green line sensor G 
and the blue line sensor B. In addition, When the shading 
correction plate 11 is read in the color reading mode, the 
travel distance L13 of the ?rst carriage 18 is equivalent to 16 
lines. 

In the monochromatic reading mode, With the scanning 
position of the black-and-White line sensor BW as the reading 
start position (the trailing edge in the feed direction of the 
shading correction plate 11), the black-and-White line sensor 
BW reads the shading correction plate 11 by 16 lines. Spe 
ci?cally, in the monochromatic reading mode, the Width in the 
feed direction needed for the black-and-White line sensor BW 
to read the shading correction plate 11 by 16 lines is 0.68 mm 
equivalent to 16 lines (the number of reading lines). In addi 
tion, When the shading correction plate 11 is read in the 
monochromatic reading mode, the travel distance L23 of the 
?rst carriage 18 is equivalent to 16 lines. 
As described above, in the third reading method, the read 

ing start position of the shading correction plate 11 in the 
color reading mode and the reading start position of the shad 
ing correction plate 11 in the monochromatic reading mode 
are set separately. The Width in the feed direction of the 
shading correction plate 11 has to be equal to the total 
(equivalent to 32 lines) of the reading Widths (equivalent to 16 
lines) of the line sensors R, G, B and the total spacing betWeen 
the three line sensors (equivalent to 8><2 lines) in the color 
reading mode. In the monochromatic reading mode, the Width 
has to be the reading Width (equivalent to 16 lines) of at least 
the black-and-White line sensor BW. 

Therefore, in the third reading method of FIG. 8, the shad 
ing correction plate has only to have a Width of 32 lines in the 
feed direction. Speci?cally, in the third reading method of 
FIG. 8, the Width in the feed direction of the shading correc 
tion plate is the same as in the second reading method of FIG. 
7, but the travel distance of the ?rst carriage in reading the 
shading correction plate can be made smaller. If the travel 
speed of the ?rst carriage in the third reading method is the 
same as that in the second reading method, the time required 
to read the shading correction plate can be made shorter in the 
third reading method than in the second reading method. 
Therefore, the time needed to make a shading correction can 
be made shorter. 

Hereinafter, a fourth to a sixth reading method for the 
shading correction method 11 Will be explained. 
The fourth to sixth reading methods can be applied to the 

image reading apparatus 10 Where the scanning positions of 
the line sensors R, G, B, BW are arranged in the order of BW, 
B, G, R in the direction in Which the ?rst carriage 18 moves 
(or in the feed direction). 

First, the fourth reading method for the shading correction 
plate 11 Will be explained. 

FIG. 9 is a diagram to help explain the fourth reading 
method for the shading correction plate 11. In the example of 
FIG. 9, the scanning positions of the line sensors R, G, B, BW 
are arranged in the order of BW, B, G, R in the direction in 
Which the ?rst carriage 18 moves (or in the feed direction). In 
FIG. 9, suppose, in the color reading mode, the control unit 32 
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reads the signals from the three line sensors R, G, B in this 
order: the R signal, the G signal, and the B signal. 

In FIG. 9, in the color reading mode, With the scanning 
position of the red line sensor R as the reading start position 
(the trailing edge in the feed direction of the shading correc 
tion plate 11), the red line sensor R ?rst reads the shading 
correction plate 11 by 16 lines. Then, the green line sensor G 
reads the shading correction plate 11 by 16 lines. Thereafter, 
the blue line sensor B reads the shading correction plate 11 by 
l 6 lines. 

Speci?cally, in the color reading mode, the Width in the 
feed direction of the shading correction plate 1 1 is equal to the 
total (2.72 mm) of the Width (0.68 mm) needed for the red line 
sensor R to read 16 lines, the spacing of 8 lines (0.34 mm) 
betWeen the red line sensor R and the green line sensor G, the 
Width (0.68 mm) needed for the green line sensor G to read 16 
lines, the spacing of 8 lines (0.34 mm) betWeen the green line 
sensor G and the blue line sensor B, and the Width (0.68 mm) 
needed for the blue line sensor B to read 16 lines. In addition, 
When the shading correction plate 11 is read in the color 
reading mode, the travel distance L14 of the ?rst carriage 18 
is equivalent to 48 lines (l6><3 lines). 

In the monochromatic reading mode, With the scanning 
position of the black-and-White line sensor BW as the reading 
start position (the trailing edge in the feed direction of the 
shading correction plate 11), the black-and-White line sensor 
BW reads the shading correction plate 11 by 16 lines. Spe 
ci?cally, in the monochromatic reading mode, the Width in the 
feed direction needed for the black-and-White line sensor BW 
to read the shading correction plate 11 by 16 lines is 0.68 mm 
equivalent to 16 lines (the number of reading lines). In addi 
tion, When the shading correction plate 11 is read in the 
monochromatic reading mode, the travel distance L24 of the 
?rst carriage 18 is equivalent to 16 lines. 
As described above, in the fourth reading method, the 

reading start position of the shading correction plate 11 in the 
color reading mode and the reading start position of the shad 
ing correction plate 11 in the monochromatic reading mode 
are set separately as in the ?rst reading method. The Width in 
the feed direction of the shading correction plate 11 has to be 
equal to the total (equivalent to 64 lines) of the reading Widths 
(equivalent to l6><3 lines) of at least the three line sensors R, 
G, and B and the total spacing betWeen the three line sensors 
(equivalent to 8><2 lines) in the color reading mode. In the 
monochromatic reading mode, the Width has to be the reading 
Width (equivalent to 16 lines) of at least the black-and-White 
line sensor BW. 

Therefore, in the fourth reading method of FIG. 9, the 
shading correction plate has only to have a Width of 64 lines 
in the feed direction. Speci?cally, as compared With the read 
ing method of reading the four line sensors R, G, B, BW in the 
order of R, G, B, BW, in the fourth reading method, the Width 
in the feed direction of the shading correction plate 11 can be 
decreased by the total of the spacing (12 lines) betWeen the 
color line sensors (three line sensors R, G, B) and the mono 
chromatic line sensor (black-and-White line sensor BW) and 
the reading Width (equivalent to 16 lines) of the black-and 
White line sensor BW. In addition, the travel distance of the 
?rst carriage in reading the shading correction plate can be 
decreased by the travel distance (equivalent to 16 lines) 
needed for the black-and-White line sensor BW to read. This 
is the effect obtained because the reading position (the read 
ing start position) of the shading correction plate in the color 
reading mode and the reading position (the reading start posi 
tion) of the shading correction plate in the monochromatic 
reading mode have been set in separate positions. 
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Next, the ?fth reading method for the shading correction 

plate 11 Will be explained. 
FIG. 10 is a diagram to help explain the ?fth reading 

method for the shading correction plate 11. In the example of 
FIG. 10, the scanning positions of the line sensors R, G, B, 
BW are arranged in the order of BW, B, G, R in the direction 
in Which the ?rst carriage 18 moves (or in the feed direction). 
In FIG. 10, suppose, in the color reading mode, the control 
unit 32 reads the signals from the three line sensors R, G, B in 
this order: the B signal, the G signal, and the R signal. 

In FIG. 10, in the color reading mode, With the scanning 
position of the blue line sensor B as the reading start position 
(the trailing edge in the feed direction of the shading correc 
tion plate 11), the blue line sensor B ?rst reads the shading 
correction plate 11 by 16 lines. Then, the green line sensor G 
reads the shading correction plate 11 by 16 lines. Thereafter, 
the red line sensor R reads the shading correction plate 11 by 
l 6 lines. 

Speci?cally, in the color reading mode, the Width in the 
feed direction of the shading correction plate 1 1 is equal to the 
total (1.36 mm) of the Width (0.38 mm) obtained by subtract 
ing the spacing of 8 lines (0.34 mm) betWeen the blue line 
sensor B and the green line sensor G from the Width (0.68 
mm) needed for the blue line sensor R to read 16 lines, the 
Width (0.38 mm) obtained by subtracting the spacing of 8 
lines (0.34 mm) betWeen the green line sensor G and the red 
line sensor R from the Width (0.68 mm) needed for the green 
line sensor G to read 16 lines, and the Width (0.68 mm) needed 
for the red line sensor R to read 16 lines. In addition, When the 
shading correction plate 11 is read in the color reading mode, 
the travel distance L15 of the ?rst carriage 18 is equivalent to 
48 lines (1 6><3 lines) as is the travel distance L14 in the fourth 
reading method. 

In the monochromatic reading mode, With the scanning 
position of the black-and-White line sensor BW as the reading 
start position (the trailing edge in the feed direction of the 
shading correction plate 11), the black-and-White line sensor 
BW reads the shading correction plate 11 by 16 lines. Spe 
ci?cally, in the monochromatic reading mode, the Width in the 
feed direction needed for the black-and-White line sensor BW 
to read the shading correction plate 11 by 16 lines is 0.68 mm 
equivalent to 16 lines (the number of reading lines). In addi 
tion, When the shading correction plate 11 is read in the 
monochromatic reading mode, the travel distance L25 of the 
?rst carriage 18 is equivalent to 16 lines as is the travel 
distance L24 in the fourth reading method. 
As described above, in the ?fth embodiment, the reading 

start position of the shading correction plate 11 in the color 
reading mode and the reading start position of the shading 
correction plate 11 in the monochromatic reading mode are 
set separately. The Width in the feed direction of the shading 
correction plate 11 has to be equal to the value (equivalent to 
32 lines) obtained by subtracting the total spacing betWeen 
the three line sensors (equivalent to 8><2 lines) from the read 
ing Widths of at least the three line sensors R, G, and B 
(equivalent to l6><3 lines) in the color reading mode. In the 
monochromatic reading mode, the Width has to be the reading 
Width (equivalent to 16 lines) of at least the black-and-White 
line sensor BW. 

Therefore, in the ?fth reading method of FIG. 10, the 
shading correction plate has only to have a Width of 32 lines 
in the feed direction. Speci?cally, in the ?fth reading method 
of FIG. 10, the travel distance of the ?rst carriage in reading 
the shading correction plate is the same as in the fourth 
reading method of FIG. 9 and the Width in the feed direction 
of the shading correction plate is decreased by tWice the total 
spacing betWeen the three line sensors. 
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Next, the sixth reading method for the shading correction 
plate 11 Will be explained. 

FIG. 11 is a diagram to help explain the sixth reading 
method for the shading correction plate 11. In the example of 
FIG. 11, the scanning positions of the line sensors R, G, B, 
BW are arranged in the order of BW, B, G, R in the direction 
in Which the ?rst carriage 18 moves (or in the feed direction). 
In FIG. 11, suppose, in the color reading mode, the control 
unit 32 takes in the signals (the R signal, G signal, and B 
signal) from the three line sensors R, G, B at the same time. 

In FIG. 11, in the color reading mode, With the scanning 
position of the red line sensor R as the reading start position 
(the trailing edge in the feed direction of the shading correc 
tion plate 11), the red line sensor R, green line sensor G, and 
blue line sensor B each read the shading correctionplate 11 by 
16 lines at the same time. 

Speci?cally, in the color reading mode, the Width in the 
feed direction of the shading correction plate 1 1 is equal to the 
total (1.36 mm) of the Width (0.68 mm) required for each of 
the red line sensor R, green line sensor G, and blue line sensor 
B to read 16 lines, the spacing (0.34 mm) of 8 lines betWeen 
the red line sensor R and the green line sensor G, and the 
spacing (0.34 mm) of 8 lines betWeen the green line sensor G 
and the blue line sensor B. In addition, When the shading 
correction plate 11 is read in the color reading mode, the 
travel distance L16 of the ?rst carriage 18 is equivalent to 16 
lines. 

In the monochromatic reading mode, With the scanning 
position of the black-and-White line sensor BW as the reading 
start position (the trailing edge in the feed direction of the 
shading correction plate 11), the black-and-White line sensor 
BW reads the shading correction plate 11 by 16 lines. Spe 
ci?cally, in the monochromatic reading mode, the Width in the 
feed direction needed for the black-and-White line sensor BW 
to read the shading correction plate 11 by 16 lines is 0.68 mm 
equivalent to 16 lines (the number of reading lines). In addi 
tion, When the shading correction plate 11 is read in the 
monochromatic reading mode, the travel distance L26 of the 
?rst carriage 18 is equivalent to 16 lines. 
As described above, in the sixth reading method, the read 

ing start position of the shading correction plate 11 in the 
color reading mode and the reading start position of the shad 
ing correction plate 11 in the monochromatic reading mode 
are set separately. The Width in the feed direction of the 
shading correction plate 11 has to be equal to the total 
(equivalent to 32 lines) of the reading Widths (equivalent to l 6 
lines) of the line sensors R, G, B and the total spacing betWeen 
the three line sensors (equivalent to 8><2 lines) in the color 
reading mode. In the monochromatic reading mode, the Width 
has to be the reading Width (equivalent to 16 lines) of at least 
the black-and-White line sensor BW. 

Therefore, in the sixth reading method of FIG. 11, the 
shading correction plate has only to have a Width of 32 lines 
in the feed direction. Speci?cally, in the sixth reading method 
of FIG. 11, the Width in the feed direction of the shading 
correction plate is the same as in the ?fth reading method of 
FIG. 10, but the travel distance of the ?rst carriage in reading 
the shading correction plate can be made smaller. If the travel 
speed of the ?rst carriage in the sixth reading method is the 
same as that in the ?fth reading method, the time required to 
read the shading correction plate can be made shorter in the 
sixth reading method than in the ?fth reading method. There 
fore, the time needed to make a shading correction can be 
made shorter. 
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16 
Next, the difference betWeen the ?rst to sixth reading meth 

ods and their applications Will be explained. 
The ?rst to sixth reading methods are selected suitably 

according to the speci?cations of the image reading appara 
tus, including the arrangement of the scanning positions of 
the line sensors in the feed direction, the order in Which the 
signals from the sensors are taken in, and the Way the signals 
from the sensors are taken in. This makes it possible to design 
the best shading correction plate and make the most suitable 
shading correction according to various types of image read 
ing apparatuses. 
The ?rst to third reading methods are applied to, for 

example, the folloWing image reading apparatuses. 
The ?rst reading method can be applied to an image read 

ing apparatus Where the arrangement of the scanning posi 
tions in the feed direction of the line sensors R, G, B, BW in 
the 4-line CCD sensor 1 is in the order of R, G, B, BW and the 
color line sensors R, G, B are designed to read the shading 
correction plate 11 in this order: B, G, R. 
The second reading method can be applied to an image 

reading apparatus Where the arrangement of the scanning 
positions in the feed direction of the line sensors R, G, B, BW 
in the 4-line CCD sensor 1 is in the order of R, G, B, BW and 
the color line sensors R, G, B are designed to read the shading 
correction plate 11 in this order: R, G, B. 
When the arrangement of the scanning positions in the feed 

direction of the line sensors R, G, B, BW in the 4-line CCD 
sensor 1 is in the order of R, G, B, BW and the order in Which 
the color line sensors R, G, B reads can be selected, the ?rst or 
second reading method can be applied. Since the shading 
correction plate 11 can be made narroWer in the second read 
ing method than in the ?rst reading method, it is desirable to 
apply the second reading method. 
The third reading method can be applied to an image read 

ing apparatus Where the arrangement of the scanning posi 
tions in the feed direction of the line sensors R, G, B, BW in 
the 4-line CCD sensor 1 is in the order of R, G, B, BW and the 
color line sensors R, G, B are designed to read the shading 
correction plate 11 at the same time. 
The fourth to sixth reading methods are applied to, for 

example, the folloWing image reading apparatuses. 
The fourth reading method can be applied to an image 

reading apparatus Where the arrangement of the scanning 
positions in the feed direction of the line sensors R, G, B, BW 
in the 4-line CCD sensor 1 is in the order of BW, B, G, R and 
the color line sensors R, G, B are designed to read the shading 
correction plate 11 in this order: R, G, B. 
The ?fth reading method can be applied to an image read 

ing apparatus Where the arrangement of the scanning posi 
tions in the feed direction of the line sensors R, G, B, BW in 
the 4-line CCD sensor 1 is in the order of BW, B, G, R and the 
color line sensors R, G, B are designed to read the shading 
correction plate 11 in this order: B, G, R. 
When the arrangement of the scanning positions in the feed 

direction of the line sensors R, G, B, BW in the 4-line CCD 
sensor 1 is in the order of BW, B, G, R and the order in Which 
the color line sensors R, G, B reads can be selected, the fourth 
or ?fth reading method can be applied. Since the shading 
correction plate 11 can be made narroWer in the ?fth reading 
method than in the fourth reading method, it is desirable to 
apply the ?fth reading method. 
The sixth reading method can be applied to an image read 

ing apparatus Where the arrangement of the scanning posi 
tions in the feed direction of the line sensors R, G, B, BW in 
the 4-line CCD sensor 1 is in the order of BW, B, G, R and the 
color line sensors R, G, B are designed to read the shading 
correction plate 11 at the same time. 






